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RUNNERS '  ELECTRIC  SPEED  REGULATOR. 

I.  INTRODUCTION. 

Running  has  occupied  an  important  place  in  athletic  con- 
tests since  the  times  of  the  ancient  Grecian  and  Roman  games. 
No  authentic  records  made  by  these  athletes  have  been  preserved, 
but  from  a  study  of  the  more  recent  developments  in  the  various 
events,  it  is  safe  to  say  that  the  average  marks  made  in  running 
contests  were  no  better  than  those  of  the  present  day. 

The  reasons  for  this  will  be  given  later,  and  to  bring 
them  out  the  running  events  may  be  divided  into  two  classes 

1.  The  short  runs  or  sprints. 

2.  The  long  distance  runs. 

The  unit  of  the  sprint,  if  such  a  term  may  be  used,  is  the  one 
hundred  yard  dash,  and  of  distance  runs,  the  mile.     The  former 
has  a  record  of  around  ten  seconds  and  has  been  run  in  this 
time  for  years,  in  fact,  ever  since  the  invention  of  the  record- 
ing instrument.    Very  few  runners  of  the  present  day  do  better 
than  this. 

With  the  mile  run,  however,  it  is  different.  The  average 
time  for  this  event  has  been  constantly  improving.  Although 
the  average  runner  of  to-day  is  no  better  constituted  nor  has 


more  endurance  than  the  runner  of  fifty  years  ago,  in  fact  the 
contrary  is  generally  conceded.      The  most  plausible  reason 
then  is  that  the  modern  athlete  is  more  efficient  in  his  running, 
that  is,  he  uses  his  strength  and  endurance  to  a  better  advan- 
tage by  properly  proportioning  the  rate  of  running  at  all  times. 
He  keeps  practicing  until  he  finds  the  speed  that  he  must  go 
to  get  the  most  efficient  work  out  of  his  muscles.     This  is, 
however,  a  very  slow  and  tiresome  process  and,  according  to 
certain  runners'  statements,  it  has  taken  them  from  one  to  two 
years  to  acquire  this  pace.     Then  there  are  times  when  they 
are  not  able  to  attain  their  pace.     The  situation  seems  to 
appeal  for  a  guide  of  some  sort  to  help  the  runner  learn  the 
speed  by  which  he  may  lower  his  time  the  most.     The  object  of 
this  thesis  is  to  devise  some  means  by  which  a  man  may  find 
the  pace  or  group  of  paces  which  will  enable  him  to  cover  a 
given  distance  in  the  shortest  possible  time. 

II.  PREVIOUS  METHODS. 

The  methods  heretofore  used  in  running  have  been  rather 
crude  as  a  description  will  show.     The  most  common  way  is  to 
run  the  distance  several  times  and  have  points  on  the  course 
marked,  showing  the  time  of  passing  them.     The  weak  points  of 
this  scheme  are  that  a  runner  cannot  tell  if  he  is  going  at 


the  same  pace  as  at  some  previous  trial;  neither  can  he  tell 
how  his  speed  varied  at  points  intermediate  to  those  marked. 
So  this  method  is  a  very  unreliable  way  of  getting  the  proper 
pace  for  the  runner. 

Another  method  is  the  use  of  the  tread  mill  with  speed 
indicating  devices  fastened  on  it.     The  runner  travels  upon  a 
wide  canvass  "belt  around  two  pulleys  and  although  his  feet 
are  moving  his  body  remains  stationary.     The  conditions  encoun- 
tered here,  however,  are  very  different  from  those  in  actual 
running.     The  muscles  used,  the  angle  at  which  they  act,  the 
air  resistance,  all  these  are  different. 

The  problem,  then,  is  that  of  devising  some  scheme  by 
which    a  runner  can  tell  at  what  speed  he  is  going  on  all 
sections  of  the  track  while  actually  running. 

III.  DESCRIPTION  OP  TEE  EXPERIMENTAL  APPARATUS. 

The  particular  method  agreed  upon  is  to  have  a  little 
carriage  propelled  by  a  motor  and  running  around  the  track,  on 
a  track  of  its  own,  so  that  the  athlete  can  keep  pace  with  the 
carriage.     If  some  method  can  be  found  where  by  the  speed  of  the 
carriage  at  any  instant  is  known,  and  can  be  regulated,  the 
success  will  be  complete. 

The  construction  of  our  model  is  as  follows:-    A  small 


110  volt  A.C.  General  Electric  fan  motor  was  suspended  between 
brass  wings  l/8"  x  4".    Holes  were  drilled  in  the  supports 
for  the  motor  shaft  and  for  the  bracket  bearing  of  the  motor. 
Longer  bolts  were  substituted  for  those  fastening  the  side 
guards  to  the  motor  so  that  they  could  be  used  to  keep  the 
wings  in  place.     Plate  I.  will  make  this  construction  clear. 
A  two  inch  driving  pulley  was  placed  upon  the  motor  shaft  and 
fastened  tightly  by  means  of  a  set  screw. 

At  the  top  of  the  wings,  bushings  for  a  half  inch  shaft 
were  fastened  by  means  of  screw  bolts.     The  wheels  are  of  cast 
iron  two  inches  in  diameter  and  have  l/4"  flanges  and  turn  on 
two  entirely  separate  shafts. 

On  one  end  of  the  shafts  and  outside  of  the  supports  is 
a  grooved  four  inch  pulley  similar  to  the  one  on  the  motor 
shaft.     It  is  held  in  place  by  a  set  screw.     In  actual  running 
these  pulleys  should  be  interchanged.     The  wheels  are  one  inch 
apart  to  allow  the  track  to  come  between  them. 

The  track,  as  Plate  I.  shows,  is  an  inverted  T  made  of 
wood.     On  each  side  of  the  T  stem  are  iron  strips  3/32"  x  l/2n, 
which  serve  not  only  as  rails  for  the  car,  but  carry  the  current 
as  well.     The  current  passes  up  through  the  wheels,  down  through 
the  brass  supports  and  to  the  motor  leads.     To  avoid  a  short 
circuit,  one  of  the  brass  supports  was  insulated  from  the 
motor  casing. 

The  motor  itself  has  three  leads  to  give  the  phase  dis- 
placement required  for  starting  as  single  phase  motor. 


The  speed  coratrol  could  "be  obtained  in  the  following  way. 
In  the  gymnasium,  or  some  suitable  place  near  the  running 
track  a  small  motor  generator  set  could  be  installed.  The 
motor  could  be  operated  from  the  direct  current  lighting 
circuit  and  its  speed  controlled  by  a  rheostat  in  the  field 
of  the  motor.     To  it  could  be  either  belted,  or  better,  direct 
connected, a  small  A.C.  generator  of  capacity  sufficient  to 
operate  the  speed  regulator  motor  on  the  track.     The  field 
rheostat  could  be  calibrated  by  timing  the  motor  at  different 
points  of  the  rheostat.     Thus  if  it  is  set  at  a  certain  point 
it  will  be  known  that  the  regulator  is  traveling  at  a  certain 
speed.     This  calibration  eliminates  any  error  duB  to  the  slip 
of  the  motor,  but  not  to  a  variation  of  the  supply  voltage. 
The  latter  can  be  kept  constant  by  having  a  resistor  in  series 
with  the  supply  line. 

IV.  OPERATION  ON  A.C.  CIRCUITS . 

The  main  objection  to  this  method  of  speed  regulation 
is  that  nine  tenths  of  the  lighting  circuits  are  now  alternating 
current.    For  A.C.  circuits,  an  apparatus  for  changing  the 
speed  of  the  regulator  may  consist  of  a  synchronous  motor 
and  generator.     The  speed  of  the  generator  may  be  changed 
as  shown  on  Plate  II.     By  having  the  Bame  sized,  tapered 
pulley  on  both  the  motor  and  generator,  only  with  reversed 


ends  (keeping  the  same  belt  tension)  the  Bpeed  of  the  generator 
may  be  changed  by  shifting  the  pulley  belt. 

To  read  exactly  what  speed  the  generator  is  going,  there 
may  be  installed,  a  frequency  indicator  in  the  generator 
line.     By  means  of  the  lever  the  belt  may  be  varied  along  the 
pulleys  until  the  desired  speed  is  read  off  of  the  frequency 
indicator.     The  regulator  will  run  in  synchronism  with  the 
generator  and  therefore  will  be  making  a  speed  that  is  in 
direct  ratio  to  the  number  of  poles  of  the  generator  and 
regulator.     The  frequency  indicator  may  be  calibrated  to  read 
for  the  regulator  speed. 


V.  PROPOSED  APPARATUS  AND  CONCLUSIONS. 


The  regulator  as  made  was  not  a  practical  success  for 
the  reason  that  the  motor  had  not  enough  power  to  pull  the 
weight  of  itself  and  the  carriage.     This  was  due  principally 
to  the  great  friction  from  the  side  thrust  of  the  axle  upon 
the  one  bearing.     In  place  of  a  fan  motor  with  its  heavy  metal 
casing,  a  specially  designed  motor,  of  synchronous  or  induction 
type,  should  be  used,  and  geared  directly  to  the  driving  axle. 
There  is  great  chance  for  slipping  with  the  use  of  pulleys 
and  belt3  and  as  an  accurate  knowledge  of  the  speed  is  the 
fundamental  thing  in  this  investigation,  any  elements  which 
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will    ;ause  error  in  this  direction  should  be  eliminated. 

The  experiment  also  showed  that  with  the  carriage  sus- 
pended from  the  track  there  was  too  much  tendency  to  swinging 
"both  forward  and  backward  and  to  either  side.     This  caused 
trouble  due  to  slipping  and  variation  in  the  friction  between 
the  wheels  and  the  track. 

Apparently  then  the  best  method  would  be  to  have  the 
carriage  ride  on  and  above  the  track.     A  proposed  arrangement 
of  this  sort  is  shown  in  Plate  IV.     The  one  fourth  horse 
power  motor  is  supported  on  a  platform  and  in  a  casing  which 
serves  at  the  same  time  as  a  protection  to  the  moving  parts 
from  dust,  etc.     The  power  is  transmitted  through  two  spur 
gears.     The  current  is  again  transmitted  through  the  tracks 
and  for  this  reason  the  wheels  on  one  side  are  insulated  from 
the  axle.     On  the  motor  shaft  is  a  four  and  a  half  inch  spur 
gear  and  linked  to  a  similar  gear  two  and  nine  tenths  inches 
in  diameter.     Assuming  the  maximum  speed  of  the  motor  as  1200 
r.p.m.  this  will  give  a  maximum  speed  of  a  little  over  twenty 
miles  per  hour,  which  is  as  fast  as  the  athlete  is  running  at 
any  point  on  the  course. 

The  rails,  which  are  of  steel  should  have  a  cross  sec- 
tional area  of  about  six  tenths  square  inches.     The  resistance 
of  this  sized  rail  is  about  the  same  as  #5  B.  &  S.  wire  so 
that  the  maximum  voltage  drop,  considering  the  motor  current 
to  be  approximately  four  amperes,  will  be  something  less  than 


two  volts. 

The  entire  weight  of  the  motor  and  carriage  will  not 
exceed  twenty-fivo  pounds,  and  assuming  a  friction  of  twenty- 
five  per  cent  a  motor  of  the  power  suggested  will  have  suffi- 
cient torque  to  travel  at  the  desired  speed. 

This  method  is  quite  similar  to  the  arrangement  of  parts 
in  the  miniture  electric  locomotive  so  there  should  be  no 
difficulties  as  far  as  running  is  concerned. 

In  conclusion,  it  is  the  opinion  of  the  experimentors 
that  there  is  a  real  field  for  a  device  for  the  purpose  of 
systematizing  athletic  training  along  this  line  and  that  the 
proposed  arrangement  does  away  with  the  difficulties  encountered 
in  and  the  objections  to  the  first  model. 


